The preservation of a large collection of bacterial cultures is often a task of major proportions, especially if one wishes to maintain weakly viable and/or fastidious species. Variation in physiological or in morphological characteristics is frequently an undesirable consequence when stock cultures are held for some time, unless special methods are used in the preservation process.
The method of Lumibre and Chevrotier, described in 1914, appeared to avoid the variation mentioned above and to allow for considerable longevity of the culture. These authors were successful in preserving strains of gonococci for several months under sterile paraffin oil. Morton and Pulaski (1938) reviewed the literature on the application of the method by other investigators and reported its advantages when preserving stock strains of normal and variant types of pathogenic and nonpathogenic bacteria. Forty-four strains of bacteria, mostly pathogens, from 22 genera were included in their study.
The value of the method was recorded by Morton and Pulaski, as Since 1938, the literature records that Sterzi (1939) preserved fragments of syphilomata (Truffis strain) for 40 days under a mixture of horse serum and paraffin oil. Typical staining characteristics and the form of the treponemata persisted throughout this period. Hac (1940) used the methods of Morton and Pulaski to preserve 30 strains of gonococci. All strains survived two transfers made at 12-month intervals. This study is especially interesting since the cultures were grown on five different media before applying the paraffin oil. The strains that remained viable longest were grown on Huntoon's agar.
Simmons (1942) Babudieri (1952) has preserved Leptospira icterohaemorrhagiae for 7 years in a serum medium held at room temperature under paraffin oil. Electron micrographs showed that the organisms still retained their normal morphology. Ajello, Grant and Gutzke (1951) were successful in preserving 264 strains of human-pathogenic fungi from 15 genera and 34 species under mineral oil. Some variation in morphology was noted in certain strains; nevertheless the procedure was recommended for maintenance of these .microorganisms. 
2 6 9 9 9 9 9 9 9 9 8 6 8 8 8 9 9 1 0 11 11 9 10 9 9 9 3 10 9 7 9 9 9 9 7 11 6 9 7 9 6 The author (1947) presented a brief summary of the longevity of certain bacterial cultures under paraffin oil, concluding that the method was practicable for the maintenance of a large culture collection. This report is a summary of the recent data and experience with the determination of longevity in these cultures.
METODS
The method of Morton and Pulaski (1938) was slightly modified by preparing all bacteria as stabs prior to layering with oil, omitting the use of a rubber cap, and storing the cultures at 25 C :1 2 degrees.
Tubes of yeast-water, veal-infusion agar' were stabbed with each microorganism. After good growth was obtained at the temperature optimum for the culture, sterile paraffin oil (half-inch layer) was placed on the surface of the stab, thus covering the giant colony completely. The tubes were then stored at 25 C 1 Yeast water 100 ml (Fred and Waksman, 1928) , veal-infusion from Difco desiccated veal 100 ml., 0.5 per cent tryptone, 0.5 per cent proteose peptone, 0.5 per cent NaCl, 2 per cent agar and water, pH 7.0. ) are the number of strains showing change ... either "acquisition" (A) or loss (L) of the characteristic; G = vival of the species, nutrient agar slants were also inoculated. It was soon noted that the culture would grow only on fresh slants of the medium upon which it had been preserved. This proved to be a very important part of the procedure when transfers were made at the later testing periods. The manner by which the inoculum was taken from the preserved stab was also found to influence the test for survival. An inoculum taken from the periphery of the giant colony on the stab might not have viable cells present, whereas one taken by transecting a dimeter of the giant colony would subsequently show growth on the subculturing medium. Though the giant colony may actually grow out to the periphery of the in tables 1 and 2. The survival of the cultures for extraordinarily long periods is evident. The preservation of certain strains of Escherichia coli for eleven years in the same giant colony was most unexpected. The culture is still viable as of June, 1952. Likewise, the survival of many widely different genera for nine years or more is strong evidence for the usefulness of this method. The author is quite certain, however, that such data could not have been obtained were it not for a full realization of the necessity of supplying the proper subculture medium and for the proper method of taking the inoculum.
Constancy of physiological characteristics. The desirability of having pure cultures maintain their cultural characteristics irrespective of the method of preservation is obvious to all microbiologists. Few data are available on this aspect of the survival of bacterial cultures under oil. Therefore, 96 strains, after various periods of survival, were subcultured in litmus milk and in Durham fermentation tubes of 0.5 per cent glucose, lactose or sucrose. After 48 hours of incubation at the optimum temperature for the organism the usual distinctive reactions were noted in these media.
Only 16 strains manife3ted any change in their reactions (table 3) . The most evident change was the loss of the capacity to ferment sucrose by 4 species of Bacillus. It is also obvious that the loss, rather than the "acquisition", of a characteristic was the usual experience. The term "acquisition" refers only to the fermentative capacity of the culture as regards acid production, which function the culture did not originally possess. Nothing is known of the constancy of these changes after the culture was subcultured subsequent to its storage under the oil, since further studies of this phase have not been made. DISCUSSION The explanation for the survival of the cultures under the conditions of storage used in these experiments is not easy. The hypothesis of Sears (1946) decrease in oxygen consumption in the first hour of storage of the spores of Sordaria fimicola. This was followed by a transient rise to the sixth hour and then a gradual decline. These results are similar to those obtained by Rahn and Richardson (1941) . Edwards et al (1947) also considered that the depth of the oil layer had an effect on survival of the culture; 3 cm appeared to be too much, whereas 1 cm was satisfactory.
Rahn and Richardson indicated that a minimum oil seal should not be considered air tight since there is diffusion of oxygen through the oil layer. In the absence of oxygen the rate of death is much greater under oil than under vaspar, (another sealing substance) thus indicating that the oil affects the physiology of the cell directly and not only by preventing oxygen diffusion. Korinek et al (1951) studied the nutrition of certain microbial colonies and concluded that "autophagy," wherein living cells dissolve dead cells and utilize them as food, is a very important survival factor for Sarcina lutea but is relatively unimportant in Nocardia salmonicolor. This may explain why strain differences were noted in the present experimentation.
The literature indicates that the physiology of cells preserved in a "microclimate," such as under paraffin oil, has been rather incompletely studied; therefore an adequate explanation of the precise mechanisms of death or survival is not now possible. However, the present study indicates the practical point that, for greater success with the method, subculture of the species after storage on fresh media of the same composition as that used during storage will exploit whatever adaptive mechanisms the culture has undergone in the "microclimate".
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SUMMARY
The longevity of 456 strains of 102 species from 25 genera of bacteria stored under paraffin oil on yeastwater, veal-infusion agar indicates that this method of preserving stock cultures is very practicable. Strains vary in their survival, but many are viable after 9 years without transfer. One Escherichia coli strain is still viable after 11 years 1 month. The technique for determining viability is emphasized.
The production of acid in dextrose, sucrose and lactose media and the ability to change litmus milk was observed for 96 strains. Following storage, only 17 cultures showed either a loss or the "acquisition" of a characteristic which the original transplant did not possess. The reasons for the longevity and the relative
